Special relativistic limit of the gauge theory of gravitation developed by Otiyama, Kibble, Hayashi and Bregman is discussed. In the limit, the energy-momentum conservation splits into the separate conservations for the matter field and for the gauge fields. The conservation law of the total spin angular momentum, which is inherent in this theory and might appear to contradict with the special relativistic theory of fields, is discussed in detail. For most Lagrangians other than the exceptional ones, not only the sum of the spin tensors of the gauge fields but also its divergence does not vanish even in the special relativistic limit and the total angular momentum conservation of the matter field is also obtained in this limit, and there arises no trouble. An interpretation of the conservation of the total angular momentum in the special relativistic theory of fields is also given. § 1. Introduction, sunnuary and eornniCnts
§ 1
. Introduction, sunnuary and eornniCnts
The gauge theories of gravitation are formulated by starting with the conventional field theory which is invariant under the Poincare group. In Utiyama's formulation/) the gauge field Ak [ 1 , is introduced by requiring the invariance under the extended homogeneous Lorentz transformations. The vierbein field b1l' is also introduced there, but the bk 1 ' -· r"h" is not regarded as a gauge field. In Kibble's, 2 J Hayashi's') and Hayashi and Bregman's•J formulations, homo-· geneous Lorentz transformations and translations are both extended and the invariance under these extended transformations is imposed. The field b/'-{h'' and the field .ilmn,, are both introduced as the gauge fields. In all of the above formula--tions, *J the actions are invariant under the extended Poincare transformations, from which various identities and conservation laws 2 J, 4 > follow. Between them, we have the conservation of the total spin angular momentum. This is in a remarkable contrast to the situation in the special relativistic theory of fields in \vhich we do not have the isolated conservation of the spin. This contrast is so remarkable that there arises a question: '·Is the gauge theory of gravitation really reduced to the special rela tiYistic theory of fields by the limit* *J (1) ?" *l In Ref. 1), the in variance under the extended translations is not explicitly imposed, but actually the actions employed at the final stage are invariant under these extended transformations. **l It will be seen in § 2 that the limit (1) amounts to the special relativistic limit.
The purpose of this paper is to discuss this problem. In § 2, we summarize Kibble type*J gauge theory of gravitation and enumerate the conservation laws.
The Dirac field is employed as the matter field. Next, in § 3 we find that the expansions of the bk" and the A mn" in the power series of the gravitational coupling constant viC are convenient in taking the limit (1). The field strengths, energymomentum and spin-angular momentum tensors and complexes are expanded into the power series of y/{. In § 4, we consider the special relativistic limit (SRL) of the conservation laws and discuss the consistency with the special relativistic theory of fields (SRTF). Throughout this paper, the b/ and the Amn 11 are treated as independent fields.
The results can be summarized as follows: [1] In SRL, the total energy-momentum conservation splits into the separate conservations for the matter field and the gauge fields. The energy-momentum of the gauge fields, which is not equal to zero even in SRL, is completely isolated from that of the matter field and no trouble arises.
[2] For the Lagrangian**) L 6 +LR with the parameters a, (3, 3..1.
SRL's of the conservation laws are reduced to the conservation laws which are consistent with SRTF, i.e., the spins of the gauge fields do not vanish even in SRL, and the sum of them and the spin of the matter field is conserved. The total angular momentum conservation of the matter field is also obtained as a limit. This together with the total spin conservation leads to a new interpretation of the conservation of the angular momentum in SRTF; the increment of the orbital angular momentum of the matter field is equal to that of the sum of the spins of the gauge fields. The fact that the spins of the gauge fields do not vanish even in the limit (1), which might appear curious at first sight, is crucial in making the formulation consistent.
All the other identities and the relations 2 J.
•J have the limits which are consistent with the SRTF.
It is worth while mentioning the following which can be confirmed without difficulty: Also for the case in which only the field bk" is the independent field and the Akl" is given byaJ.
•J·***J *l In view of the fact that Kibble was the first who introduced both of the b."-fJk" and the Amn, as the gauge fields, the gauge theory of gravitation developed in Refs. Also, the special relativistic limit of Yang's gauge theory of gravitation 5 l may be discussed in a similar way, since his field equation can be derived from the Lagrangian having the expression (11) by considering the case for which Eq. (3) holds. § 2. Summary of the Kibble type gauge theory of gravitation
We consider the Dirac field 1; (x), with the Poincare invariant Lagrangian def def
In Kibble's scheme of the gauge theory of gravitation, the invariance of the action under the Poincare gauge transformations, 
from which the field equations****) follow.
From the Poincare gauge invariance of the action integrals, several identities and conservation laws 4 J follow. Between them, we have the conservation laws of energy-momentum and of the spin angular momentum 2 J, 4 J which are *l Remember that the Latin indices are raised and lowered with the Minkowski metric. **l As for the definitions of these irreducible parts, see Ref.
3). ***l The parameters " and l are introduced for convenience in the discussion of SRL, and they can be regarded as the coupling constant between the gauge fields and the matter field. ****l As for the explicit forms of the field equations, see Ref. and from the definition of the covariant derivative, it is seen that the limits bk 1 '
-'>O/ and A.kl"-->0 correspond to the special relativistic limit.
In order to make the fields b/' and A mn" tend to o/ and zero, respectively, n A quantity with a tilde is a complex and a quantity without a tilde is a tensor.
we have to make the constants K: and }. tend to zero, because the matter field <j; Substituting the expansions of the irreducible parts of the field strengths, Eqs. (20), (22) and (24) into oLrjOb\ and oV/oll"'\, we can obtain the explicit forms of the "lowest order" field equations lim~e .. 0y/CoLrjobk,,=O and lim~e~ovifoLr joAm""=O.
By using Eqs. (9), (11), (15), (16) 
m the limit K-->0. This is nothing but the total angular momentum conservation laws of the matter field in the special relativistic theory. Equations (35) and (36) * 1 Equation (31) is obtainable also directly from the limit of the field equation of the </J (x).
The formulation is consistent also in this respect. Thus the statement [2] of § 1 has been established.
